There are two basic problems with the LBS analysis: 1) they suggest that an empirical relation has been established between the coefficient of internal friction of intact rock gi and the coefficient of friction of fault gouge g,, yet their analysis does not involve gi, but rather another parameter, and 2) the transformation rule used to derive their empirical relation is not valid for the parameters and data sets they use. Because of their potential significance for the failure criteria of tectonic faults it is important to evaluate carefully the issues under discussion.
Background, Significance, and Issues I studied shear of simulated fault gouge between rough surfaces (mated tension fractures) and found that a critical gouge layer thickness is required to effect the transition from standard Coulomb failure to failure governed by a modified criterion appropriate for simple shear of a bounded gouge layer [Marone, 1995] . For the modified criterion, referred to as Coulomb plasticity, the maximum principal stress is oriented 45 ø to the gouge layer, irrespective of the external stress state [ Hobbs et al., 1990 ; Marone et al., 1992 ; Byedee and Savage, 1992]. My work was motivated by the question of whether the stress state for Coulomb plasticity requires a gouge layer of finite thickness, or if the transition from Coulomb failure to Coulomb plasticity occurs imm ediately upon fracture of an intact rock (as implied implicitly by LBS's analysis and proposed empirical relation). In addressing this issue, I pointed out [Marone, 1995] that differences between the fracture strength of intact rock and the frictional strength of rock surfaces cannot be explained solely by differences in the corresponding stress states and boundary conditions, but that differences in the Coulomb parameters of cohesion C and friction angle •J must also be accounted for, in contrast to previous suggestions [Lockher et al., 1992; Lockher and Byedee, 1993] .
Three points are at issue between LBS and myself: 1) whether an empirical link has been established between the true coefficient of internal friction of a material g• and the apparent coefficient of friction of a gouge layer of that material deforming in simple shear It., 2) the validity of the theoretical basis for their empirical relation, and 3) implications of the empirical relation 
ImplicatiOns for the Strength of Mature Faults
Although LBS indeed have established an empirical link between fracture strength and friction of gouge, in my view it is not a legitimate relationship between the true and apparent coefficient of internal friction. Furthermore, the proposed theoretical basis for it does not apply because they treat parameters of the failure criteria as if they were free parameters. The transformation rule (1) requires that tic be the same for both intact rock and a gouge layer, and thus application of (1) or LBS's equation (1) requires a priori determination of ti, from the data.
The proposed empirical relationship is potentially very interesting, since it implies that differences in Iti for intact rock and It, for a gouge layer are related solely to differences in the stress state and boundary conditions for failure, and hence that the true failure parameters are the same in both cases. Further, the result implies that the stress state for Coulomb plasticity develops immediately upon the formation of a fracture and does not require a gouge zone of finite thickness. However, laboratory data indicate that a gouge zone of f'mite thickness is necessary for the deve 1-opment of Coulomb plasticity and thus shear on incipient frae. tures obeys the standard Coulomb criterion [Marone, 1995] . Applied to natural faults, this implies that faults should weaken with accumulated slip, as wear occurs and the gouge zone widens [Marone, 1995] . However the magnitude of this weakening effect is small (for example, the coefficient of sliding friction would change from 0.75 to 0.6) and thus it is not a significant contribution to the apparent weakness of mature faults, contrary to the assertions of lwckner and Byedee [1993] . 1 ). In particular, they take ti,"=0, which implies {'= q•". They note that for the available data q•' is slightly larger than q}" and thus, with respect to their proposed empirical relation, they state that "the agreement would be improved if the vertex from which q}' was measured were moved to the left."
It is important to note the distinction between q}, q}', and q}" in their 
